A nterior spinal pathological entities of the thoracolumbar spine have traditionally been treated by an anterior transthoracic, thoracolumbar, or retroperitoneal approach. Also used has been a posterior surgery via costotransversectomy or extracavitary approaches. The transpedicular corpectomy is a variant of the costotransversectomy and extracavitary approaches in that the rib head is preserved as the corpectomy is being performed, and the corpectomy is performed through the pedicles. Various techniques have been described to deal with the rib head to perform anterior spinal reconstruction. [4] [5] [6] With advances in surgical techniques, many operations that traditionally have been performed through anterior spinal approaches (including multilevel corpectomies) are now being performed via posterior approaches. We wished to evaluate whether one approach was superior to the other with regard to complications, neurological outcome, morbidity, and other perioperative factors. Object. Whereas standard anterior approaches for thoracolumbar corpectomies have commonly been used, the transpedicular technique is increasingly used to perform corpectomies from a posterior approach. The authors conducted a study to analyze whether there was a difference in outcomes by comparing transpedicular corpectomies to standard anterior thoracolumbar corpectomies.
rior fixation procedure. Thirty-four patients underwent transpedicular corpectomies.
Analysis included the following factors: EBL, operative times, complications, reoperations, postoperative invasive procedures, and neurological recovery. Follow-up was noted by evaluation of clinic visits and postoperative radiographs. In cases in which the individual had not attended a recent follow-up visit, the patient was telephoned to determined details such as reoperations, neurological changes, the need for further interventions, or recurrence of the index problem. Neurological function was evaluated using the ASIA Impairment Scale. The letters A through E were then assigned numbers 1 through 5, respectively, to assess for statistical differences in neurological recovery. Statistical calculations for probability values were performed to evaluate for statistically significant differences. The ASIA scores were assessed on admission and the most recent follow-up; if the patient was lost to follow-up, the last documented ASIA score was used.
Anterior Approaches
In patients who underwent anterior corpectomies of the thoracolumbar spine, 1 of 3 methods of approach was used. One was a standard transthoracic approach via thoracotomy, with 1 rib removed for exposure and for use as an autograft. The second was a thoracoabdominal approach via low thoracotomy (usually T-10 or T-11), rib removal, and diaphragm split to access the upper lumbar spine. The third was a retroperitoneal approach over the lumbar spine without entering the chest cavity. In all patients with pleural cavity violation we placed routine postoperative chest tubes.
Rib Head and Expandable Cages in Transpedicular Corpectomies
All transpedicular corpectomies were performed with the rib heads intact. To place expandable cages from a transpedicular approach, the rib heads were managed in 1 of 3 ways. One method was the trap-door rib-head osteotomy, another was a complete rib-head osteotomy, and the third was rib-head disarticulation [4] [5] [6] (Video 1).
ViDeo 1.
Clip describing management of the rib head following transpedicular corpectomy. Click here to view with Windows Media Player. Click here to view with Quicktime.
In all cases utilizing an expandable cage reconstruction, the rib head was mobilized (Figs. 1-4) .
Selection of Approach
The choice of approach was based on a general practice trend, not medical comorbidities, location of lesion, level of spinal lesion, or degree of compression. In the beginning of the study period, the senior author chose anterior or anterior-posterior approaches because of comfort. As general trends toward performing the same operations from a posterior approach and surgeon comfort levels increased, nearly all thoracolumbar corpectomies were performed via a transpedicular approach. En bloc spondylectomies were always performed via an anterior and posterior approach. Thus, the decision to choose one approach over the other was a temporal trend rather than a clinical decision.
Results

Clinical Data
The mean age of patients who underwent anterior corpectomies was 51 years, and 39.1% were women. The mean age of patients who underwent transpedicular corpectomies was 54 years, and 47.1% were women. There were no differences in the demographics of the cohorts except for metastatic disease (present in 23.9% in the anterior group and 45.5% in the transpedicular group; p < 0.05 Fisher exact test; Table 1 ). The mean follow-up in the anterior group was 16.2 months, whereas that in the transpedicular group was 14.8 months. There were 2 perioperative deaths in the anterior group and none in the transpedicular group. At last follow-up, 9 patients in each group (total of 18 overall) had died of metastatic cancer or other systemic disease. In the anterior group (46 patients), 19 patients harbored a tumor (both metastatic and primary), 16 had osteomyelitis, and 11 had burst fractures (Tables 2 and 3 ). In the transpedicular group (34 patients), 20 patients harbored tumor, 9 had osteomyelitis, and 5 had burst fractures (Table 4) . Two patients in the anterior group and 3 in the transpedicular group were lost to follow-up.
Of the 46 patients in whom anterior approaches were used, 44 underwent anterior spinal column reconstruction with expandable cages, 1 with a rib autograft (which eventually failed), and 1 with methylmethacrylate. Of the 34 patients in whom transpedicular corpectomies were performed, 30 underwent anterior spinal column reconstruction with expandable cages, 1 with a nonexpandable titanium mesh cage, and 3 with methylmethacrylate. In patients undergoing anterior approaches, 26 had a 1-level, 17 had 2-level, and 3 had 3-level corpectomies. For patients undergoing transpedicular approaches, 23 had 1-level corpectomies, 9 had 2-level corpectomies, and 2 had 3-level corpectomies.
Perioperative Factors
The mean operative time (defined as anesthesia start until anesthesia end) in all patients undergoing anterioronly corpectomies was 445 minutes, and in all patients undergoing transpedicular corpectomies it was 450 minutes (p > 0.05, Student t-test) ( Table 5 ). Adding a posterior procedure in patients with anterior approaches extended the mean operative time to 729 minutes (Table 5) (p < 0.00005, Student t-test). The mean EBL for all anterioronly corpectomies and posterior transpedicular corpectomies was 1506 and 1857 ml, respectively (p > 0.05, Student t-test). Adding a posterior procedure after anterior corpectomies increased the mean EBL to 3154 ml (p = 0.0347, Student t-test).
If stratified by levels, there was no significant difference between operative times for 1-level (p = 0.70), 2-level (p = 0.50), or 3-level (too few cases to calculate p value) corpectomies from either an anterior-only or transpedicular approach. Also, there did not appear to be a significant difference in EBL between anterior-only corpectomies and transpedicular corpectomies if stratified by level (1-level p = 0.59, 2 level p = 0.43; Student t-test) (Table  5) . However, if a supplemental posterior stabilization approach was added, this significantly added operative time (p < 0.00005, Student t-test) and increased EBL due to the procedure (p < 0.05, Student t-test) compared with the transpedicular approaches.
Complications, Reoperations, Implant Failures, and Neurological Outcome
Complications included any post-or intraoperative event that required any medical or surgical intervention, ranging from such minor ones as urinary tract infections to such major ones as death. The overall complication rate in patients undergoing anterior approaches (both anterior only and anterior-posterior) was 37% (17 of 46), and in those undergoing transpedicular approaches it was 29% (10 of 34) (p = 0.63, Fisher exact test). The complication rate in patients undergoing anterior-only approaches was 32%, whereas in those undergoing anterior-posterior procedures it was 41% (p = 0.76, Fisher exact test). Anterioronly and anterior-posterior 2-level corpectomies had complication rates of 50% and 54%, respectively, but 2-level transpedicular corpectomies did not have a statistically significant different complication rate (33%; p = 0.68, Fisher exact test). Three-level transpedicular corpectomies had a 50% complication rate, but anterior-posterior 3-level corpectomies only had a 33% complication rate (2 and 3 cases, respectively), but there were too few 3-level corpectomies for any statistical calculation.
In the anterior-approach group, 2 perioperative deaths occurred. One patient suffered postoperative cardiac arrest after an anterior-posterior 2-level corpectomy for multiple myeloma and kyphosis, and another patient died of systemic bacteremia after undergoing an anterioronly 2-level corpectomy (surgery was performed in an ef- fort to treat bacteremia that was refractory to antibiotics). No deaths occurred in the transpedicular group. In the anterior-approach group, 5 patients (11%) had to undergo revision surgery. Three were for implant failures, 1 for spleen hemorrhage after retroperitoneal approach, and 1 for deep wound infection. Two of the 3 implant failures occurred in patients who had received anterior-only constructs, and 1 of the failures occurred in a smoker with an anterior-posterior construct. In the transpedicular approach group, 5 patients (15%) required revision surgery. One patient had a wound dehiscence requiring plastic surgery closure, 1 had a deep wound infection requiring washout, 2 had epidural hematomas requiring surgical drainage, and 1 developed kyphosis distal to her construct requiring Ponte osteotomies, kyphosis correction, and extension of her fusion. Implant failure did not occur in any patient in the transpedicular group.
In the anterior-approach group 5 patients (11%) required postoperative chest tube reinsertion for effusion, and in the transpedicular group 2 patients (6%) required chest tube placement postoperatively. In the anterior-approach group, 1 patient (2%) required interventional radiologically guided drainage for a recurrent paraspinous abscess collection; in the transpedicular group, 2 patients (6%) underwent interventional radiologically guided drainage of epidural fluid collections. In the anterior- approach group, 4 patients (9%) had wound dehiscences or infection, and these were treated nonsurgically. In the transpedicular group, 1 patient (3%) had a superficial wound infection treated with antibiotics.
After converting grade to scores (ASIA Grade A = 1, B = 2, C = 3, D = 4, and E = 5), the mean preoperative ASIA score in the anterior group (anterior only and anterior-posterior) was 4.0 of 5, and the mean preoperative ASIA score in the transpedicular group was 3.91. The mean postoperative ASIA scores were 4.4 and 4.73, respectively in the anterior group and the transpedicular group. The patients in the transpedicular group had a statistically significant improvement in neurological function compared with those in the anterior surgery group (p = 0.043, Student t-test) ( Table 6 ).
Discussion
Thoracolumbar corpectomies have historically been performed via an anterior approach, and techniques for transthoracic, thoracolumbar, and retroperitoneal approaches have been well established. 3, 7, 10, 11 Because of advances in surgical techniques and surgeon comfort, thoracolumbar corpectomies are increasingly performed via a posterior approach. 1, 8, 9, 12, 13, 16 In our study, we found similar morbidity for the anterior-only and transpedicular approaches with regard to complication rate, EBL, and operative time. However, performing an anterior-posterior approach increased the morbidity much more than the transpedicular approach, with increasing EBL (3154 vs 1857 ml), longer mean surgical times (729 vs 450 minutes), and slightly higher complication rates (41 vs 29%, respectively, although not statistically significant).
Many authors have reported series on posteriorapproach corpectomies, but very few have actually described a comparison between anterior approaches and posterior approaches. Street et al. 17 reported on 66 patients undergoing either anterior-posterior (24 cases) and posterolateral (42 cases) corpectomies for metastatic disease, with an overall complication rate of 47%. They found that EBL was significantly higher in anterior-only or anteriorposterior corpectomies compared with posterolateral corpectomies. Shehadi et al.
14 reviewed data obtained in 87 patients, 44 of whom underwent a posterior approach for breast cancer metastases. They also compared this patient population to patients who underwent anterior-posterior surgeries. Anterior-only approaches were comparable to posterior approaches in terms of EBL (475 vs 500 ml); however, anterior-posterior approaches had significantly higher EBL than the posterior approach (2500 vs 500 ml). Wiggins et al. 18 reported on 47 patients, with 29 undergoing costotransversectomies and 18 undergoing thoracolumbar or combined approaches. They did not find a significant difference in complication rates between the 2 groups.
The authors of more recent studies have also reported on patients undergoing posterior corpectomies and the related EBL and complication rates. Chen et al. 2 reported on 23 patients who underwent transpedicular decompression for tumor, and the mean EBL in this group was 1387 ml. However, they did not reconstruct the anterior spinal column, which would have required further bone removal and potentially greater blood loss. Shen et al. 15 reported on 21 prospectively followed patients who underwent posterior corpectomies for tumor. They found an average EBL of 1398 ml and a complication rate of 14.3%.
With regard to the transpedicular corpectomy compared with the costotransversectomy or extracavitary approaches, we only performed transpedicular corpectomies because of our desire to avoid pleural exposure during the corpectomy. Because many of the patients underwent anterior spinal column reconstruction with expandable cages, we nonetheless had to deal with the rib head after the corpectomy was performed. We managed the rib head in 1 of 3 ways: rib-head disarticulation, 4 removal via osteotomy, 5 or trap-door rib-head osteotomy. 6 We have included a video demonstrating all 3 of these various techniques (Fig. 4, Video 1) . The only one of these techniques that requires pleural dissection- the rib-head osteotomy (which is essentially a modified costotransversectomy or extracavitary dissection)-is the only technique in which 2 patients required postoperative chest tube drainage. The disarticulation technique (Fig. 1 ) and the trap-door rib-head osteotomy techniques-both avoiding pleural dissection-did not require any patients to undergo postoperative chest tube placement (although some did have asymptomatic postoperative pleural effusions shown on plain radiographs). Although transpedicular and anterior-only 2-level corpectomies had similar operative times and EBL, patients who ultimately required a posterior operation (either because of poor bone quality, poor anterior fixation, or kyphosis) required more operative time and had greater blood loss than patients in the transpedicular group. Patients who underwent a single-level anterior corpectomy generally did not require a posterior operation. Those who did undergo a posterior procedure did so because of kyphosis, posterior ligamentous injury, poor bone quality, poor anterior fixation, or stabilization for en bloc spondylectomy.
We had a total of 4 patients who suffered a postoperative decline in functional status in the long-term followup. All of these declines were attributed to disease progression (anterior only, Case 16; anterior-posterior, Cases 11 and 24) or accident (anterior-posterior, Case 19). The patient in Case 19 in the anterior-posterior group suffered an adjacent-level vertebral fracture after a fall at home and sustained neurological injury. Radiographic outcome analysis showed that failures were mainly due to adjacent-level disease or disease progression. The patient in Case 19 (anterior-posterior cohort) suffered an adjacent vertebral body fracture and hardware failure after a fall at home during the recovery period after surgery; the patient in Case 16 (anterior-only cohort) experienced progression of chordoma into the instrumented levels; the patient in Case 19 (transpedicular cohort) developed junctional kyphosis requiring kyphosis correction and extension of the fusion mass.
One of the shortcomings of this study is its followup duration. Because 9 patients in each group died (18 patients overall) of metastatic cancer or other systemic disease, this made the follow-up duration shorter. In addition, many of the osteomyelitis patients are from lower T-8, T-9, T-10 metastatic prostate cancer pleural effusion
L-4, L-5 osteomyelitis wound dehiscence C D * Lost to follow-up.
socioeconomic statuses and in locations far from our medical center, and the financial cost of travel precluded adequate follow-up. For studies addressing the long-term durability of the posterior corpectomy compared with the anterior corpectomy (> 2-year follow-up), selection of limited pathological entities may be important (for instance, addressing only burst fractures). Nonetheless, the main focus of this manuscript-perioperative morbidity and complications-does appear to show that the transpedicular corpectomy has a lower morbidity rate than anterior-posterior corpectomy.
We did find that patients undergoing transpedicular corpectomy had a significantly better neurological recovery than those undergoing anterior corpectomies (p = 0.043). There are probably many reasons for this. The first is that the anterior group had longer followup duration than the transpedicular group. This longer follow-up allowed more time for disease recurrence and distant-site neurological compression, which was not seen in the transpedicular group. The second reason may be the immediate circumferential decompression afforded by the transpedicular corpectomy. The transpedicular corpectomy provides an immediate 360° decompression, whereas anterior-posterior patients undergo circumferen- tial decompression in 2 stages (and the second stage may be days later). The combination of a stabilized, circumferentially decompressed spine may account for the increased neurological function seen in the transpedicular corpectomy group. The circumferential removal of bone in the transpedicular group may afford a lower rate of local recurrence. Many anterior-posterior surgeries leave the posterior elements intact, relying mainly on the anterior decompression but providing posterior instrumentation without bone removal. Even with a laminectomy, much of the lateral posterior elements are left intact for fusion. This may lead to a slightly higher rate of recurrence, given that there is residual bone potentially with micrometastases in the area. The third reason may be vascular. During the anterior approach, the segmental vessels are taken to do the corpectomy, but they are not ligated during the transpedicular corpectomy. The preservation of vascular supply to the spinal cord during a transpedicular corpectomy may account for our finding of increased neurological recovery in this group. Although we saw a statistically significant difference in neurological improvement based on approach in our series, we do not make the conclusion that the transpedicular corpectomy is superior to the anterior approach with regard to neurological recovery. The disparate groups and the disparate follow-up may certainly account for the difference seen, and further studies need to be performed to verify that this difference in neurological recovery is seen in larger patient populations.
Conclusions
Patients who underwent transpedicular corpectomies experienced lower complication and morbidity rates and shorter operative times compared with patients who underwent anterior-posterior multilevel corpectomies. There does not appear to be a significant difference in morbidity between patients undergoing transpedicular corpectomies and those undergoing anterior-only corpectomies. Patients who underwent transpedicular corpectomies had greater improvement in neurological function than those who underwent anterior-approach corpectomies. However, there may be many reasons for this that are not approach-related, and further studies need to be performed to verify if there is indeed a true difference in rates of recovery.
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